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aerobe P. aeruginosa was inhibited by light on minimal salts media containing succinate, glutamate, or glucose as sole carbon sources. The facultative anaerobe E. coli was capable of growth under irradiation on a fermentable carbon source, such as glucose, but with a smaller yield of cells on limiting substrate, as compared to unirradiated control cultures. The rate of growth of aerobic irradiated cells on glucose was equal to that of anaerobic growth on that carbon source, and there was a greater accumulation of end products of glucose catabolism aerobically in the light as compared to dark controls. When irradiated in media containing carbon sources from which energy was obtainable only by oxidative phosphorylation, such as succinate or malate, E. coli cells were still capable of oxidizing these substrates but could not grow on them. This bacteriostatic effect of 360-mu light could be reversed by the addition of glucose, which resulted in the growth of irradiated cells. Visible (400 to 600 m,u) light was found to have no effect. Irradiated E. coli cells in succinate were found to contain no naphtho-or benzoquinones, compounds which are more sensitive to 360-m,4t irradiation than other components of the respiratory chain. It is suggested that the effect of 360-m,u light on whole cells is the destruction of light-sensitive components, such as the benzoquinone Q8 and 1 U.S. Public Health Service Predoctoral Fellow.
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naphthoquinone K2C45 of E. coli W, which are essential for obtaining energy from oxidative metabolism.
Quinones, found in a great variety of organisms (Lester and Crane, 1959; Page et al., 1960) , have been established as participating in the oxidative metabolism of bacteria (Brodie and Ballantine, 1960) , mammals (Morton, 1960; Crane, 1960; Green, 1960; Martius, 1960; Redfearn, 1960) , and plants (Bishop, 1960; Krogmann, 1961) . These compounds can be destroyed in bacterial extracts by irradiation with light at 360 mA (Brodie, Weber, and Gray, 1957) without affecting the structural integrity of enzyme complexes which are essential for coupling phosphorylation to oxidation.
Treatment of intact bacteria with light at this wave length should result in lesions in oxidative metabolism and should be reflected by alterations in the pathways of energy metabolism. Thus, growth of strictly aerobic organisms should be inhibited by irradiation. Facultative organisms should be unable to grow in light in media with carbon sources from which energy is obtainable only by oxidation, but they should grow on fermentable substrates such as glucose. The unavailability of energy from oxidative metabolism during irradiation should alter the rate of aerobic growth on glucose, the yield of cells on limiting quantities of this substrate, and the end products of glucose catabolism. In addition, when cells are irradiated in media with succinate or malate, they should exhibit alterations in the oxidation of these compounds. In the present communication, the effects of light at 360 m,u on the growth and metabolism of bacterial cells have been compared under conditions of fermentation and those of oxidative catabolism. Preliminary reports have appeared elsewhere (Brodie, 1959; Kashket and Brodie, 1960 (Pumphrey and Redfearn, 1960 (Lockwood, Tabenkin, and Ward, 1941) , failed to grow during irradiation in glucose (Fig. 4) (Stephenson, 1950 * The conditions were the same as in Fig. 3 . The duration of irradiation of E. coli W cells in succinate medium was varied. After light treatment, the cells were grown for one generation on glucose in the light, and then transferred to succinatecontaining medium in the dark. The lag in resumption of growth in succinate was measured.
t Corrected for lag of unirradiated controls. unit volume of culture) was 14.5% less than dark controls at glucose concentrations of 0.03 and 0.1%. The rate of growth of irradiated aerobic cells was found to equal that of anaerobically growing cells (doubling time: 94 min), both rates being slower than that of unirradiated aerobically growing cultures (doubling time: 63 min). These data support the conclusion that irradiated E. coli cells cannot obtain energy from oxidative metabolism, whether in glucose, succinate, or malate-containing media, and that in glucose media they are capable of growth because energy is available from fermentation.
E. coli W cells contain both a benzoquinone, Q8, and a naphthoquinone, K2C45 (Lester and Crane, 1959; Kashket and Brodie, 1960; Brodie, 1962] (Table 3) . Under these conditions, the benzoquinone content was diminished by 83.4% while the flavin adenine dinucleotide (FAD) concen-601 Fig. 1 . After harvesting and washing twice with distilled water, the cells were tested at 30 C for ability to oxidize succinate (5,umoles) in the presence and absence of 1 X 10-4M DNP. Each vessel contained 3.9 X 103 mg (dry wt) of bacteria.
1961), in concentrations compatible with function in oxidative metabolism. The naphthoquinone is more sensitive to light at 360 m, than the benzoquinone, both in pure solution (Brodie, 1962) and in cell-free extracts of E. coli (Kashket and Brodie, 1961) . Cultures of E. coli in succinate minimal medium, used in growth studies (Fig. 1) Fig. 1 . At intervals the optical densities of the cultures were measured and 1-ml samples removed. These were centrifuged to remove the cells, and the supernatants fluids were analyzed for glucose and lactate. (Hollaender, 1943) . In the present studies, the former produced no lethal effects on the facultative anaerobe E. coli WV, the cessation of growth under irradiation on succinate or malate being bacteriostatic. Far-ultraviolet irradiation is bactericidal (Gates, 1929) and mutagenic (Henri, 1914) , producing effects some of which can be partially reversed by irradiation with visible light (Kelner, 1949; Zelle and Hollaender, 1955) . It is interesting that 360-m, light was found most effective in reversing far-ultraviolet mutagenesis and killing (Newcombe and Whitehead, 1951 
